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ABSTRACT : 

PURPOSE: To improve uniformity of a resistance value of a resistor and 
improve quality of a resistor by a method wherein a polycrystalline 
conductive thin film is deposited on a substrate, an atom is 
ion-implanted into the conductor thin film, the conductor thin film 
containing the atom is heat-treated and the conductor thin film is used 
as the resistor. 

CONSTITUTION: The surface of an N-type silicon semiconductor substrate 
100 is oxidized, and a silicon oxide film 110 is formed to form a 
substrate. A polycrystalline tungsten silicide thin film 120 is deposit 
on the oxide film 110; ions of silicon are implanted into this tungsten 
silicide thin film 120. Then, the tungsten silicide thin film 120 into 
which the ions of silicon have been implanted is heat-treated in an 
atmosphere of nitrogen. A resist pattern of a resistor is formed on the 
heat-treated polycrystalline tungsten silicide thin film 120; the 
tungsten silicide thin film 120 is etched; after that, the resist is 
removed to form the resistor 120a. In addition, after a CVD-SiO . sub . 2 
film 130 has been deposited on a whole face, aluminum electrodes 140a, 
140b are formed on both ends of the resistor. 
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METHOD FOR MANUFACTURING THIN FILM CONDUCTOR DEVICES 
CLAIM(S) 

1) A thin film conductor device manufacturing method comprising the 
following steps: a step of depositing a polycrystalline conductor thin film on a 
substrate; a step of ion-implanting atoms into said conductor thin film without 
creating an amorphous surface; a step of heating the conductor thin film containing 
said atoms; and the method is characterized in that said conductor thin film is used 
as a resistor. 

2) A thin film conductor device manufacturing method, as mentioned in 
Claim 1, wherein atoms to be ion-implanted share the same type with at least one 
type of atoms constituting the polycrystalline conductor thin film. 

3) A thin film conductor device manufacturing method, as mentioned in 
Claim 1, wherein the substrate at least has a structure constructed by a substrate, an 
insulating film, and a polycrystalline semiconductor thin film in this order, and the 
polycrystalline conductor thin film is deposited on top of this structure. 
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DETAILED DESCRIPTION OF THE INVENTION 
(Field of Industrial Application) 

The present invention pertains to a method to manufacture a thin film 
conductor device, particularly to a manufacturing method for improving uniformity 
of a resistance value of a resistor constructed by a polycrystalline conductor thin 
film of an integrated circuit. 
(Prior Art) 

To produce a high performance resistor in conductor device such as a 
semiconductor, there have been a general method wherein a polycrystalline 
semiconductor thin film is deposited on an insulating film, and after ion-implanting 
impurities into this thin film, the film is heated, patterned by a photo process and an 
etching process to form a resistor with the desired resistance value. At present, 
however, it is necessary to find a new method for manufacturing a resistor having a 
more uniform and accurate low resistance value. On the other hand, a resistor 
made of metal, high melting-point metal, or metal silicide and having a more 
uniform low resistance is necessary for a high precision analog circuit. 
(Problems of the Prior Art to Be Addressed) 

Generally, when a polycrystalline semiconductor thin film is deposited, the 
sizes of the crystal grains in the deposited polycrystalline semiconductor thin film 
tend to lack uniformity due to non-uniformity in temperature distribution in the 
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reaction section and reflection of infrared ray. Part of impurity atoms implanted in 
the polycrystalline semiconductor thin film is inactivated by being captured in the 
boundary between the crystal grain and crystal grain, in other words, in the crystal 
boundary, when the film is heated after said implantation. In the area where the 
crystal grains are small, the crystal grain boundary is large, so many impurity atoms 
are inactivated. In the area where the crystal grains are large, the crystal grain 
boundary is small, and many impurity atoms are activated inside the crystal grain. 
When the sizes of the crystal grains are non-uniform in the polycrystalline 
semiconductor thin film, the concentration of impurities activated in the 
semiconductor substrate surface is not evenly distributed, generating non- 
uniformity in the resistance value and undercutting the product quality and yield in 
manufacturing. For example, a pre-annealing method, wherein a polycrystalline 
semiconductor thin film is heated prior to ion-implantation of atoms that determines 
conductivity type, was introduced in the Journal of Electrochemical Society, 1984, 
Vol. 131, No. 1, pp. 216-217. To obtain sufficient uniformity, heating at 1,000°C or 
higher is needed, which is not desirably applicable to manufacturing a 
semiconductor device. "In a heated polycrystalline semiconductor thin film, crystal 
grains get larger as they come nearer to the surface and their sizes become more 
uniform," states the Journal of Vacuum Science Technology, 1984, B, Vol, 2, No. 4, 
pp. 698-706. If a polycrystalline semiconductor thin film surface is made amorphous 
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in such a crystalline state after the ion-implantation, smaller crystalline grains in the 
lower layer underneath the polycrystalline semiconductor thin film surface function 
as seeds and the surface is recystallized in the subsequent step of heating, so the 
sizes of the crystal grains become non-uniform. Therefore, it was difficult to 
produce a high performance resistor. Even if general metal, high melting-point 
metal, or metal silicide conductors that can be used as resistors and can demonstrate 
polycrystalline state are used, it was difficult to produce a resistor with a highly 
uniform resistance value as in the resistor made by the polycrystalline 
semiconductor. 

The present invention attempts to solve these problems, and presents a 
method to manufacture a conductor device that has the improved quality of a 
resistor and the improved uniformity in resistance value, by reducing the non- 
uniformity in the sizes of the crystal grains in the polycrystalline conductor. 
(Means to Solve the Problems) 

The thin film conductor device manufacturing method of the present 
invention, to solve the aforementioned problems, comprises the following steps: a 
step of depositing a polycrystalline conductor thin film on a substrate; a step of ion- 
implanting atoms into said conductor thin film without creating an amorphous 
surface; a step of heating the conductor thin film containing said atoms; and the 
method is characterized in that said conductor thin film is used as a resistor. 



(Operation) 

To reduce the non-uniformity of the sizes of crystal grains of the 
polycrystalline conductor by the method of the present invention, after the 
polycrystalline conductor thin film is deposited on the substrate coated with an 
insulating film, atoms are ion-implanted to create an amorphous lower layer section 
without creating the amorphous surface before the film is heated; by so doing, the 
crystal grains in the entire polycrystalline conductor thin film are recrystallized by 
using the larger sized crystal grains in the surface; thus, the conductor device the 
resistance value of which is minimized and has excellent uniformity was 
materialized. 
(Embodiment Example) 

The manufacturing method of the present invention is explained in detail 
below with reference to embodiment example shown in Fig. 1 - Fig. 4. 

1) Nearly 600 nm thick silicon oxide film 110 was formed by oxidizing the 
surface of N-type silicon semiconductor substrate 100 to form a substrate (Fig. 1). 

2) Nearly 300 nm thick polycrystalline tungsten silicide thin film 120 was 
deposited on the oxide film 110 at 300 °C by a sputtering vapor deposition method. 
Then, 1x1015-1x1016 cm-2 silicon was ion-implanted in this tungsten silicide thin 
film 120 at accelerated voltage 100 kV. The tungsten silicide thin film 120 into 
which silicon was ion-implanted was heated at 800-900 °C in nitrogen atmosphere 
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for 30 minutes. At this time, the sheet resistance of the tungsten silicide thin film 120 
was nearly 3 ohm (Fig. 2). 

3) On the heated polycrystalline tungsten silicide thin film 120, a resist 
pattern for the resistor was formed by a photo-mask process, and after etching the 
tungsten silicide thin film 120, the resist was removed to form the resistor 120a (Fig. 

3) . 

4) Moreover, after CVD-Si0 2 film 130 was deposited on the entire surface, 
aluminum electrodes 140a and 140b were formed on both ends of the resistor (Fig. 

4) . 

By a series of the aforementioned steps, the desired resistor was formed. 

The deviation in the resistance value distribution indicating the non- 
uniformity in the tungsten silicide thin film was reduced from nearly Vi of the prior 
art method to 1/3, which indicated an excellent result. As for the atoms to be ion- 
implanted, various types can be used, but if the atoms constituting the thin film are 
used, the recrystallization by heating can be easily accelerated. If inert atoms are 
used as the atoms to be implanted, it will be desirable for they can prevent a specific 
reaction. As an alternative embodiment example of the present invention, the 
following can be mentioned. In the aforementioned embodiment example, a single 
layer tungsten silicide thin film was used, but a multilayer film with two or more 
layers may be used in stead of said thin film. Or the structure wherein a 
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poly crystalline polysilicon film is used under the single layer tungsten silicide thin 
film can be considered. After depositing the lower polycrystalline polysilicon film, 
silicon is ion-implanted into this polysilicon film, and the film is heated to 900- 
1,000°C to provide the polycrystalline polysilicon film with uniform crystallinity. 
Then, the tungsten silicide thin film is formed on the upper layer. By applying the 
method of the present invention to the tungsten silicide thin film with a multilayer 
structure, the polycide [sic] type conductor film with excellent uniformity can be 
formed. 
(Advantage) 

By the manufacturing method of the present invention, the non-uniformity of 
the grain size in the polycrystalline conductor thin film can be reduced, and the 
uniformity in the resistance value of the resistor formed by the polycrystalline 
conductor thin film can be improved; therefore, a highly reliable thin film 
conductor device with high yield can be presented. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1-Fig. 4 show sectional views of the embodiment example of the present 
invention in steps of manufacturing. 
100. Semiconductor substrate 
110,130. Oxide film 
120. Semiconductor thin film 
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140. Electrode 
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